We have assessed the accuracy of frozen section diagnosis and the outcomes of misdiagnosis in borderline tumors of the ovary (BTO) according to frozen section. Methods: All pathology reports with BTO in both frozen and permanent section analyses between 1994 and 2008 at Seoul St. Mary's Hospital were reviewed. Frozen section diagnosis and permanent section histology reports were compared. Logistic regression models were conducted to evaluate the correlation of patient and tumor characteristics with diagnostic accuracy. The clinical outcomes of misdiagnosis were evaluated. Results: Agreement between frozen section diagnosis and permanent histology was observed in 63 of 101 patients (62.4%). Among the 76 patients with frozen section proven BTO, under-diagnosis and over-diagnosis occurred in 8 of 76 (10.5%) and 5 of 76 patients (6.6%), respectively. Mean diameter of under-diagnosed tumor was larger than matched BTO (21.0±11.4 vs. 13.7±7.1; p=0.021). Tumor size 20 cm was determined as the optimal cut-off for under-diagnosis (50% sensitivity, 87.3% specificity). Among 8 under-diagnosed patients, no patient relapsed. Among 5 over-diagnosed patients, 2 patients ＜ 35 years of age had fertility-preserving surgery. Conclusion: Although frozen section diagnosis is an important and reliable tool in the clinical management of patients with ovarian tumors, over-diagnosis and under-diagnosis are relatively frequent in frozen proven BTO. Surgical decision-making for BTO based on frozen section diagnosis should be done carefully, especially in large tumors.
INTRODUCTION
Borderline tumors are a heterogeneous group of lesions defined histologically by atypical epithelial proliferation without stromal invasion. 1 Borderline tumors of the ovary (BTO) represent 10-20% of ovarian epithelial tumors. 2 BTO have a good prognosis and are typically present in the younger age group. 3 Thus, the disease frequently affects women with a desire to preserve childbearing potential. Surgical removal of a BTO is the treatment of choice; however, controversy exists on the extent of the surgical approach. Recently, fertility-preserving surgery in early stage BTO has gained acceptance. 3, 4 Because surgical decision-making is established intra-operatively, frozen section diagnosis must be sufficiently accurate to support conservative surgery. However, frozen section diagnosis of BTO is less reliable than frozen section diagnosis of benign or malignant ovarian tumors. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Thus, some investigators have sought to find significant factors related to misdiagnosis. Houck et al. 8 found that mucinous histology was the only significant predictor for under-diagnosis by frozen section. Tempfer et al. 9 reported that a tumor size ＞3 cm was the only independent factor related to under-diagnosis by frozen section. Also, Brun et al. 10 reported that in addition to tumor characteristics, the experience of the pathologist influences the accuracy of frozen section diagnosis. But, the number of patients was small and the number of clinico-pathologic factors to evaluate was limited. Also, they did not show the clinical impact of misdiagnosis. Furthermore, their study population was not practical, because in the clinical setting, BTO according to frozen or permanent section is indefinable. Thus, we evaluated the factors influencing the accuracy of frozen section analysis and the clinical outcomes of misdiagnosis in patients with BTO according to frozen section.
MATERIALS AND METHODS
Institutional Review Board approval was obtained for medi- CA 125 (0-35 U/ml) or CA 19-9 (0-37 U/ml). cal record and pathology report reviews. Patients who underwent exploratory laparotomy or laparoscopy for adnexal tumors and who were diagnosed as BTO by intra-operative frozen section analysis were included in this study. The medical records from 101 patients who were diagnosed with a BTO according to frozen or permanent section were available for review. The surgical procedures were performed between 1994 and 2008 at Kangnam St. Mary's Hospital in Seoul, Korea. During that period, all frozen section specimens were analyzed by a total of 11 board certified pathologists. All slides were reviewed again by one pathologist who is expert in gynecology for this study. The frozen section diagnosis was compared with the permanent section diagnosis with respect to benign, borderline, and malignant features.
Fresh pathologic specimens were sent to the Pathology department. After measurement of tumor size, the most suspicious areas of the mass, with emphasis on solid, papillary, or necrotic regions, were chosen for frozen section. Each specimen had one to seven of the most representative sections sampled for frozen section. In all cases, a minimum of 1 section per 1 cm of maximal tumor diameter was examined for permanent section diagnosis.
The medical records were reviewed for parameters potentially influencing the accuracy of frozen section diagnosis, such as the number of sections, the experience of the pathologist, and the characteristics of the patient and the tumor. Logistic regression models were performed to determine the possible factors related to the misdiagnosis (over-or under-diagnosis). p-values ＜0.05 were considered statistically significant.
The clinical outcomes of misdiagnosed patients were also reviewed retrospectively. In the case of under-diagnosis, relapse and reoperation were considered; in case of over-diagnosis, preservation of fertility was the primary consideration.
RESULTS
During the period study, 101 patients were diagnosed as BTO by frozen or permanent section pathology. The agreement, sensitivity, and positive predictive values of the frozen section diagnosis of BTO were 62.4%, 71.6%, and 82.9%, respectively (Table 1) . To evaluate the accuracy of intra-operative frozen section diagnosis, we confined the study population to 76 patients who were diagnosed as BTO by frozen section analysis only. The mean age of the patients at the time of admission was 41.4±17.7 years. Based on histological assessment, 51 tumors were mucinous, 18 tumors were serous, and 7 tumors were mixed. Four patients had bilateral disease and 5 patients had tumor extension beyond the ovary. The mean diameter of mucinous and serous tumors was 16.41± 8.31 and 9.21±3.29 cm, respectively. Tumor markers (CA 125 or CA 19-9) were elevated in 25 patients. Fifty-nine patients underwent imaging studies (CT or MRI) before exploratory surgery. In this series, the diagnosis of BTO was established for 25 tumors (25/59). Among the 76 patients with frozen section proven BTO, sixty three patients (82.9%) were correctly diagnosed by frozen section analysis. Under-diagnosis and over-diagnosis occurred in 8 of 76 (10.5%) and 5 of 76 patients (6.6%), respectively ( Table 1 ). The mean diameter of under-diagnosed tumor was larger than the matched BTO (21.0±11.4 vs. 13.7±7.1; p=0.021) ( Table 2 ). Although not statistically significant, over-diagnosis appeared in unilateral tumors and tended to be in the group with section numbers ≤2. The specialized pathologist did not perform under-diagnosis.
Based on the above results, we performed the ROC curve analysis to find out the cut-off value of tumor size for overdiagnosis (Fig. 1) . Considering the relatively small number of under-diagnosed cases, we used the criteria which satisfied at least 50% of sensitivity and maximum value of specificity. Tumor size 20 cm was determined as the optimal cut-off for under-diagnosis, with 50% sensitivity and 87.3% specificity. Using this cut-off level, patients with tumor size greater than 20 cm were more likely to be under-diagnosed (OR, 6.88; 95% CI, 1.43 to 33.11, p=0.016), and although we were unable to determine the reason, no imaging study was associated with over-diagnosis (OR, 7.94; 95% CI, 1.17 to 52.63, p=0.034) ( Table 3) .
The clinical outcomes of misdiagnosed patients are shown in Table 4 . Malignant lesions were interpreted as borderline lesions by frozen section in eight cases. Among these eight patients, one patient underwent a restaging procedure and all patients received adjuvant chemotherapy. There were no relapses. Among 6 over-diagnosed patients, 2 patients ＜35 years of age underwent fertility-preserving surgery.
DISCUSSION
In endometrial, cervical, and vulvar cancers, diagnosis can be established before surgery. Thus, the management can be discussed with the patients pre-operatively, especially for women who want to preserve fertility. Even though pre-operative imaging studies and tumor markers may be of help to the surgeon with respect to ovarian tumors, the exact diagnosis can only be made at the time of exploratory surgery. 15 A frozen section diagnosis offers an important and helpful adjunct to the intra-operative diagnosis and has greatly impacted the care of gynecologic oncology patients. 16 Frozen section diagnosis agrees with permanent pathology of malignancy in 90-94% of cases. 17, 18 However, frozen section diagnosis of BTO is less reliable. 8, 10 In the pooled data analysis, Tempfer et al. 9 reported that agreement between frozen section diagnosis and definitive histology was observed in 199/317 (62.8%) patients. Our study also showed a similar level of accuracy; specifically, agreement occurred in 62.4% of the cases. Therefore, all patients should be counseled before surgery about the value of frozen section and the possible treatment options. 19 Several series have been conducted to evaluate the factors influencing the accuracy of a frozen section diagnosis in patients with BTO. Houck et al. 8 found that mucinous histology was the only significant predictor for under-diagnosis by frozen section. Tempfer et al. 9 reported that a tumor size ＞3 cm was the only independent factor related to under-diagnosis by frozen section. Also, Brun et al. 10 reported that in addition to tumor characteristics, the experience of the pathologist influences the accuracy of frozen section diagnosis. However, their study population was not practical, because in the clinical setting, BTO according to frozen or permanent section is indefinable. For example, Tempfer et al. 9 reported 27 of 96 cases (31.7%) were under-diagnosed by frozen section. But these 27 cases consisted of 4 cases malignant tumors whose frozen section diagnosis was BTO. Therefore, the above report is about the accuracy of frozen section diagnosis in malignant ovarian tumors but not in BTO.
It is difficult to interpret the implications of the under-diagnosis rate (28%) due to inappropriate inclusion criteria. Actually, when the frozen section diagnosis was reported as BTO, how to interpret the results and how to make a decision is more important in the practical clinical setting. Therefore, in our study, we confined the study population to 76 patients who were diagnosed as BTO by frozen section analysis only.
In our study, although we evaluated multiple factors other than those previously reported, only tumor diameter ＞20 cm were more likely to be under-diagnosed based on univariate analysis. Because of the lower frequency and diagnostic difficulty of BTO, many authors have concluded that diverse factors influence the accuracy of frozen section diagnosis. Indeed, even the tumor size cut-off level has differed from report-to-report (i.e., 3, 10, and 20 cm). Nevertheless, large tumor size and mucinous histology are thought to be the most powerful predictors of misdiagnosis. We not only evaluated the accuracy and factors influencing misdiagnosis in previously reported studies, but we also reviewed the clinical outcomes arising from misdiagnosis. Although patients with BTO have an excellent prognosis, the risk of recurrence remains. 20 Therefore, in cases of underdiagnosis, surgeons have concerns about reoperation or recurrence. All eight patients with malignant tumors that were interpreted as borderline by frozen section received adjuvant chemotherapy and there were no recurrences during follow-up (78.5±57.4 months). Concerning the restaging procedure, retrospective studies have shown that, even when such staging procedures are performed, they have no impact on survival in patients with BTO. [21] [22] [23] However, if there are no descriptions regarding the abdominal cavity and peritoneal surfaces, restaging is recommended because in 39% of BTO, the omentum is involved and 9% have invasive implants. 24 On the other hand, in cases of over-diagnosis, surgeons have concerns about fertility-preserving surgery. In the 5 overdiagnosed patients reviewed in the current study, all 2 patients ＜35 years of age underwent fertility-preserving surgery. Even in select cases of invasive ovarian cancer, fertility-preserving surgery can be considered in patients with apparent early stage disease who wish to preserve fertility. [25] [26] [27] It is clearly a valuable option to postpone definitive surgical treatment of a BTO until the permanent pathology report is available. 9 In conclusion, although frozen section diagnosis is an important and reliable tool in the clinical management of patients with ovarian tumors, over-diagnosis and under-diagnosis are relatively frequent in frozen proven BTO. Surgical decision-making for BTO based on frozen section diagnosis should be done carefully, especially in large tumors.
